Cell cycle-dependent nuclear export of phosphatase and tensin homologue tumor suppressor is regulated by the phosphoinositide-3-kinase signaling cascade.
The tumor suppressor phosphatase and tensin homologue (PTEN) plays distinct growth-regulatory roles in the cytoplasm and nucleus. It has been shown to be preferentially localized to the nucleus in differentiated or resting cells, and to the cytoplasm in advanced tumor cells. Thus, the regulation of PTEN's subcellular localization seems to be critical to its tumor-suppressing functions. In this study, we showed that activation of the phosphoinositide-3-kinase (PI3K) pathway triggers PTEN's cell cycle-dependent chromosome region maintenance 1-mediated nuclear export, as PTEN was predominantly expressed in the cytoplasm of TSC2(-/-) mouse embryo fibroblasts or activated Akt mutant-transfected NIH3T3 cells. In contrast, dominant-negative mutants of Akt and pharmacologic inhibitors of PI3K, mTOR, and S6K1, but not of MEK, suppressed the nuclear export of PTEN during the G(1)-S transition. The nuclear-cytoplasmic trafficking of exogenous PTEN is likewise regulated by the PI3K cascade in PTEN-null U251MG cells. The nuclear export of PTEN could also be blocked by short interfering RNA to S6K1/2. In addition, PTEN interacts with both S6K1 and S6K2. Taken together, our findings strongly indicate that activation of the PI3K/Akt/mTOR/S6K cascade, specifically S6K1/2, is pivotal in regulating the subcellular localization of PTEN. This scenario exemplifies a reciprocal regulation between PI3K and PTEN that defines a novel negative-feedback loop in cell cycle progression.